Abstract Arnebia hispidissima, which belongs to the family Boraginaceae, is an important medicinal and dye yielding plant. The alkannin, a red dye, are root-specific secondary metabolites of A. hispidissima. Shoots were regenerated from callus derived from immature inflorescence explants obtained from field grown plants. MS medium containing 4.52 μM 2, 4-D and 3.33 μM BAP was found to be most effective for the proliferation of callus, induced on medium containing 4.52 μM 2, 4-D. Maximum number (43.1±0.25) with average length (5.2±0.23) of shoots regenerated when callus was transferred to MS medium supplemented with 1.11 μM BAP, 1.16 μM Kin and 0.57 μM IAA. About 75.5 % of in vitro regenerated shoots were rooted on half-strength MS medium supplemented with 9.84 μM of IBA and 200 mg l −1 of activated charcoal. In comparison to in vitro, higher percent (90.2 %) of shoots were rooted under ex vitro conditions when treated with IBA (0.98 mM) for 5 min. Plantlets rooted in vitro as well as ex vitro were acclimatized successfully under the green house conditions. Ex vitro rooted plants exhibited higher survival percentage (75 %) as compared to in vitro rooted plantlets (60 %). Present study may be applicable in the large-scale root-specific red dye (alkannin) production via root induction under ex vitro condition.
Introduction
Arnebia hispidissima, which belongs to the family Boraginaceae, is an important medicinal and dye yielding plant. It grows generally in sandy soil and has the ability to tolerate drought stress. The alkannin and its optical isomer shikonin, a red dye, are root-specific secondary metabolites of A. hispidissima (Sharma et al. 2009 ). In addition, it has wide applications as a colorant in cosmetic, food and textile industries (Pal and Chaudhury 2010) . Alkannin has an applicable pharmacological effect as an antibacterial agent, granulation tissue forming activity and anti-ulcer activity (Hayashi et al. 1969; Papageorgiou et al. 1999) . Chemical investigations by Hamdard et al. (1988) found that the roots of A. hispidissima yield 3 new naphthaquinone which possess antibiotic and anticancerous properties. A flavonoid, characterised as vitexin, has been isolated from the fresh flowers of A. hispidissima (Hamdard et al. 1988) . Hexane extract of root yielded a mixture of naphthoquinone: arnebin-1, arnebin-7, tiglic acid, alkannin, arnebinol and cycloarnebin-7 (Singh et al. 2004) .
A. hispidissima grows in a very specific habitat of arid and semi-arid region of Rajasthan, India (Bhandari 1990 ). During last 10-15 years, due to increasing human interference the wild status of this plant is drastically affected from several of its native places i.e. Bikaner, Barmer, Jodhpur, Nagaur and Sikar districts of Rajasthan. A. hispidissima is propagated through seeds. There is need for conservation and propagation of this plant through non-conventional methods for fulfilling demands of pharmaceutical industries. Also, there is need for selection of high yielding/superior genotypes for pigment production. Plant tissue culture is a useful technique for the conservation and rapid propagation of medicinally and pharmaceutically important plants and the production of bioactive compounds Praveen et al. 2010; Phulwaria et al. 2013 ). Earlier, micropropagation of A. hispidissima has been reported using nodal segments or shoot tip derived explants (Pal and Chaudhury 2010) . These two reports mainly focused on pigment production from in vitro derived callus or shoot, not emphasized on higher number of shoots. In the present communication, we utilized immature inflorescence explants first time for shoot regeneration of A. hispidissima. To reduce labor, cost and time, efforts have been made to compare the optimum conditions for in vitro as well as ex vitro rooting in micropropagated shoots.
Material and methods

Explants selection and surface sterilization
A. hispidissima was collected from the various sites of Rajasthan (Kalyanpura, Barmer; Agolai, Jodhpur; and Nokha, Nagaur) during the months of October to January. Different types of explant viz. leaves, immature inflorescence, immature and mature seeds were used as explants for initiation of in vitro cultures. These explants were initially pretreated with 0.1 % of Bavistin (a systemic fungicide; BASF India Limited, Mumbai, India) for 15-20 min followed by surface sterilization with 0.1 % HgCl 2 for 3-5 min under aseptic condition in laminar air hood and rinsed 6-8 times with sterile double distilled water.
Induction and proliferation of callus
Explants were inoculated on MS (Murashige and Skoog 1962) 
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For ex vitro rooting, in vitro regenerated shoots (3-5 cm in length) were excised and treated with various concentrations of auxins IBA (0.0, 0.49, 0.98, 1.48, 1.97 or 2.47 mM) or NAA (0.0, 0.53, 1.07, 1.61, 2.15 or 2.69 mM) for 5 min. The auxins treated shoots were transferred to glass bottles containing soil-rite (a mixture of horticulture grade perlite with Irish peat moss and exfoliated vermiculite supplied by Kel Perlite, Bangalore, India) and moistened with one fourth-strength of MS basal salts and kept under the green house near the pad section (high humidity and low temperature condition) at RH 80-90 % and 28±2°C.
Acclimatization of the in vitro and ex vitro rooted plantlets
In vitro and ex vitro rooted plantlets were hardened in the green house. After initiation of roots, the caps of bottles were gradually opened over a period of 2-3 weeks and finally removed. The rooted plantlets were gradually shifted from the pad section of the green house towards the fan section (low humidity and high temperature) at 32±2°C and 60-70 % RH. After 4 weeks, the hardened plantlets were transferred to the earthen pots containing organic manure, clay soil and sand (1:1:1) and kept near the fan section. Finally, the hardened plantlets were shifted to the nursery. were recorded after 3-4 weeks of intervals. The data were analyzed statistically using one-way analysis of variance (ANOVA), and the significant differences between means were assessed by Duncan's multiple range test at P<0.05.
Results and discussion
Different types of explants i.e. leaf, immature inflorescence and mature and immature seeds were used for induction of callus in A. hispidissima. Out of these explants, only unopened immature inflorescence (Fig. 1a) was found suitable explants for callus induction. Other explants either failed to induce callus or responded poorly. Therefore, only immature inflorescence was used as explants for further experiments.
Immature inflorescences are highly meristematic and an excellent sources for the induction of regenerative/competent cultures as recommended by many workers in other studies Shekhawat 1989, 1991; Yadav et al. 2009; Głowacka et al. 2010; Gubisova et al. 2013) . Low contamination and little browning of the culture medium are some other potential advantages of the immature inflorescence used as explants in culture initiation (Głowacka et al. 2010 ).
Induction and proliferation of callus
Out of two auxins tested, 2, 4-D was found more responsive than NAA for callus induction (Table 1) . Callus derived from immature inflorescence on MS medium with 4.52 μM of 2, 4-D was creamy white, red, granular and fast growing (Fig. 1b, c) . Callus produced on 2, 4-D did not proliferate on the same culture medium, therefore, callus was transferred to MS medium containing various concentrations of cytokinins in combination with optimized concentrations of 2, 4-D. Out of different combinations, medium containing 4.52 μM 2, 4-D and 3.33 μM BAP was found to be most effective for the proliferation of callus. The combination of 2, 4-D and Kin was less effective in comparison to combination of 2, 4-D and BAP for callus proliferation (Table 2) . In most cases, synthetic auxin 2, 4-D is only effective for the induction of unorganized callus growth or polarized embryo production; however, continuous treatment of 2, 4-D is inhibitory for callus proliferation or embryo development (von Arnold et al. 2002; Rathore et al. 2012) . The probable reason behind this may be the higher accumulation of 2, 4-D in the cell. Furthermore, in comparison to other auxins, 2, 4-D is less metabolized by cells (von Arnold et al. 2002; Rai et al. 2010) . Therefore, for callus proliferation, it is necessary to transfer the callus to medium without 2, 4-D or combination of 2, 4-D with low concentrations of cytokinin. Similar to our observations, significant role of 2, 4-D in induction of callus and combination of 2, 4-D with cytokinins for callus proliferation has also been reported in many studies (Dang et al. 2011; Martin et al. 2011; Raghu et al. 2011; Rathore et al. 2011; Phulwaria et al. 2013) Adventitious shoot regeneration and multiplication
Results of present study showed that shoots were regenerated from callus when transferred from callus proliferation medium to MS medium containing BAP alone or optimized concentration of BAP (1.11 μM) with combination of Kin, IAA or NAA. Maximum number (43.1±0.25) and length (5.2 ± 0.23) of shoots were recorded on MS + 1.11 μM BAP+1.16 μM Kin+0.57 μM of IAA ( Fig. 1d ; Table 3 ). The number of shoots produced in this study is considerable higher in comparison to previously published papers on the same plant species (Pal and Chaudhury 2010; . (Fig. 1e) . In comparison to IBA, NAA was found to be less effective for root induction (Table 4) . The beneficial role of IBA in in vitro rooting has been reported in many other plants, such as Vitex negundo (Ahmad and Anis 2011), Lawsonia inermis (Ram and Shekhawat 2011) Momordica dioica and Caesalpinia bonduc (Cheruvathur et al. 2012) .
In the present investigation, in vitro regenerated shoots were also subjected to the ex vitro rooting. In recent years, ex vitro rooting technique is more emphasized by many tissue culture specialists during the micropropagation of plants at commercial scale because it reduces the steps of micropropagation and saves cost, labor, resources and time. In addition, ex vitro rooted plantlets are easily hardened as compared to in vitro rooted plants which require additional steps, first in vitro for root induction and then ex vitro for acclimatization of plants (Pospisilova et al. 1999; Borkowska 2001; Pati et al. 2006; Annapurna and Rathore 2010; Yan et al. 2010; Phulwaria et al. 2011 Phulwaria et al. , 2012a Shekhawat et al. 2012) . In the present study, individually excised shoots were rooted ex vitro when treated with 0.98 mM of IBA for 5 min (Table 5) . In comparison to in vitro rooting, higher percent (90.2 %) shoots were rooted via ex vitro method. Maximum 4.5±0.44 roots with average length of 4.6±0.25 cm were achieved within 18-24 days (Fig. 1f) . NAA is less effective than IBA for ex vitro rooting. Similar results were also obtained in many plant species (Annapurna and Rathore 2010; Phulwaria et al. 2011 Phulwaria et al. , 2012a .
Hardening and acclimatization of plantlets developed from in vitro and ex vitro rooting
The in vitro and ex vitro rooted plantlets were acclimatized successfully under the green house condition (Fig. 1g) . In comparison to in vitro rooted plantlets (60 %), percent survival of plants (75 %) those developed from ex vitro rooting (Fig. 1h) was significantly higher. The probable reason of higher percent survival of plants developed from ex vitro rooting may be due to the presence of lateral roots just like natural root system, root hair and higher root length (Yan et al. 2010; Phulwaria et al. 2012a ).
In conclusion, we first time utilized immature inflorescence explants for high-frequency regeneration of A. hispidissima, an important red dye (secondary metabolite) yielding plant of arid and semi arid region of India. The ex vitro rooting provides not only more efficient micropropagation method for this important plant species but also reduces cost, labor, resources and time. In addition, present study may also be applicable in the large-scale root-specific red dye (alkannin) production via root induction under ex vitro condition.
